Introduction
The complete description of acoustic propagation in a multilayered system is of great interest in a variety of applications such as non destructive evaluation and acoustic design and there is need for a flexible model that can describe the reflection and transmission of ultrasonic waves in these different media. Mesquida et al. (2001) discussed the phenomena of scattering of shear horizontal wave in layered piezoelectric composites immersed in an elastic fluid, in terms of a recursive system of equations involving the piezoelectric impedance. The effects of angle of incidence, layer thickness and frequency on the reflection and transmission coefficients were also studied. Based on the transfer matrix method, Cai et al. (2001) proposed a technique to carry out the analytical analysis of acoustic properties of multiple piezoelectric layers. Shuvalov and Every (2002) described the transmission of plane acoustic waves through an anisotropic, possibly inhomogeneous and absorbing piezoelectric plate by using the octet formalism of piezo-acoustics and the specific version of the plate admittance matrix. The effects of angle of incidence on the reflection coefficient of a longitudinal wave in water/aluminium interface and electrical response of an ultrasound transducer radiating in water were studied by Reinhardt et al. (2003) . Lam et al. (2009) examined the transmission of acoustic waves through multilayered piezoelectric materials using octet formalism via hybrid matrix of the structure.
In this Chapter, a theoretical model is derived which is based on transfer matrix method, for describing reflection and transmission of plane elastic waves in porous piezoelectric laminated plate immersed in a fluid. The formulation of the model is presented in the Section 2. The analytical expressions for the reflection coefficient, transmission coefficient are obtained in the Section 3. The analytical expression of the acoustic impedance is obtained in the Section 4. The effects of frequency, angle of incidence, number of layers, layer's thickness and porosity on the reflection coefficient, transmission coefficient, reflection loss and transmission loss are investigated numerically for different configurations in the Section 5. The effects of porosity on the acoustic impedance are also studied. In the Section 6, some earlier established results (Nayfeh and Chien, 1992a; Belhocine et al., 2007) are deduced as particular cases from the present study. The behaviour of variation of impedance with porosity is compared with the experimental studies (Kar-Gupta and Venkatesh, 2006; Levassort et al., 2007) .
Formulation of the Problem
We consider a laminated plate having infinite lateral extent, consisting of ' n ' porous piezoelectric layers, each belonging to 6mm crystal class, bonded at their interfaces ( Fig. 8.1 ). Let ( 1, 2,..., ) j j hn  be the thickness of the th j layer and h be the total thickness of the plate. The laminated plate is assumed to be immersed in an elastic fluid. The laminated plate occupies the region 3 0 xh  . An elastic wave from the upper fluid half space (UFHS) making an angle  with the 3
x axis, is assumed to strike the interface 3 0 x  which results into one reflected wave in the UFHS and one transmitted wave in the lower fluid half space (LFHS) after getting refracted number of times through ' n ' porous piezoelectric intervening layers. (1 ) 
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Reflection and Transmission coefficients
The following notations are defined: 
Using the notations defined in the equation ( 6,10 10 0, (8.12 )
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Discussion of Numerical Results
The reflection, transmission and power absorption coefficients are calculated for the scattering of elastic waves from some particular laminated porous piezoelectric structure with the aim of showing their behaviour as functions of the frequency and the incidence angle. For the purpose of numerical computation, water is considered as the ambient medium on the top and bottom of the laminated plate for all models. The thickness of each layer is assumed to be 1mm. The materials Barium titanate, PZT-5H
and PZT-7H are coded here as 1, 2 and 3, respectively. The elastic, piezoelectric and dielectric coefficients for these ceramics are followed from Auld (1973) and Kar-Gupta and Venkatesh (2006) and are listed in the Tables 8.1-8.3. The dynamical coefficients and other parameters used in the study are listed in the Table 8 .4. 
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The number of maxima and minima in the reflection and transmission coefficients also increases with the addition of stack of layers in the angle range 0 50  .
Comparison of the figures 8.2 and 8.3 gives the effects of the angle of incidence and material of the layers on the reflection and transmission coefficients. with frequency confirms that the reflection and transmission coefficients for layered structures are sensitive to changes in the frequency. The minima in the reflection 304 coefficients correspond to principle Bragg reflection and they are further accompanied by secondary minima. It is observed that the number of maxima (minima) in power transmission (reflection) coefficients increases in number as the layers are added to the array. This behaviour could be advantageous in the sense that we can always find a particular frequency at which the reflection is very low and particularly whole wave is transmitted. 
The effects of the angle of incidence on the variation of reflection and transmission coefficients with frequency for a layered structure consisting of two periodic stacks of layers 1 and 3 are shown in the figure 8.6. It is observed that the minima in the power reflection coefficients shift towards higher frequency as the angle of incidence increases. the porous piezoelectric case reveals that the behaviour of variation of power reflection and transmission coefficients with frequency and angle of incidence is not much affected due to addition of porosity after a certain level but it is also observed that inclusion of porosity in a mathematical model becomes more prominent in a case when number of layers in a stack or depths of the layer increase. The difference between the two models is that no amount of incident energy gets absorbed in case of piezoelectric laminated structure. The sum of power reflection and transmission coefficients equals to unity in case of piezoelectric laminated structure (Nayfeh and Chien, 1992a) . These results, obtained as particular cases of the present study, agree with those of (Nayfeh and Chien, 1992a) and thus validate the generality and accuracy of the results. 
The variation of reflection and transmission losses with the angle of incidence and frequency for a laminated porous piezoelectric structure is shown in the figures 8.11 and 8.12, respectively. Very low reflection loss occurs until the incidence angle reaches 12 . This is where energy begins to penetrate through the zone of very strong velocity and density. Interference effects within the sediments give rise to absorption peaks between 12 and 42 . The shallow tightly spaced maxima correspond roughly to the thickness resonance of the entire array and they increases in number as stacks are added to the array (Fig. 8.12 ). But this kind of periodic behaviour is not observed in the case of transmission loss (Fig. 8.12 ). The acoustics impedance decreases monotonically with porosity which could be quantitatively explained by considering the gradual introduction of the fluid phase, in which sound wave velocity is far lower than in the solid phase. The behaviour of variation of acoustic impedance with porosity agrees reasonably well with earlier experimental studies (Kar-Gupta and Venkatesh, 2006; Levassort et al., 2007) . The lowest value reached, is beneficial in improving acoustic matching by minimizing energy loss at the interface of the ceramic and medium. The lower acoustic impedance brings about improved hydrostatic figure of merit and coupling with biological tissues and water, respectively (Yang et al., 2010a) . Thus, increasing the porosity in piezoelectric materials generally enhances the utility of the material for applications such as hydrophone by decreasing the acoustic impedance.
Validation of the Theoretic Model of the Study
In order to validate the considered model of study here, the earlier established results are obtained as special cases of the present model. Laminated structures with different layered configurations are considered to study the effects of frequency, angle of incidence, layer thickness, porosity and layers' material characterizations on the reflection and transmission coefficients. The layered structure is found to be sensitive in respect of the frequency and incidence angle.
The reflection and transmission coefficients show maxima and minima for different angles in the angle range 0 40  . The maxima and minima in the reflectance and transmission spectra increase as the layers are added to the composite.
The shallow tightly spaced maxima correspond roughly to the thickness resonance of the entire array. The minima in the transmission coefficients correspond to principal Bragg peaks in the reflection coefficient.
The acoustics impedance decreases monotonically with porosity which could be explained by considering the gradual introduction of the fluid phase, in which sound wave velocity is far lower than in the solid phase. The lower acoustic impedance brings about improved hydrostatic figure of merit and coupling with biological tissues and water, respectively. Thus, increasing the porosity within a range of sustainable material strength in piezoelectric materials enhances the utility of the material for applications such as hydrophone by decreasing the acoustic impedance.
A very low reflection loss occurs until the incidence angle approaches its critical value. The results, after reduction to particular cases, are found to be in agreement with the earlier established results.
